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The Hawking radiation of Dirac particles in an arbitrarily rectilinearly accelerating Kinnersley black hole 
is studied by using a method of the generalized tortoise coordinate transformation. Both the location and 
the temperature of the event horizon depend on the time and polar angle. The Hawking thermal radiation 
spectrum of Dirac particles is also derived. 
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Last decades has witnessed much progress in inves- 
tigating the Hawking evaporation % of scalar fields or 
Dirac particles in the stationary axisymmetry black 
holes. H'B To study the Hawking radiation of a non- 
stationary black hole, Zhao and Dai proposed an effec- 
tive method called by the generalized tortoise coordinate 
transformation (GTCT). This method has been applied 
to discuss quantum thermal effect of scalar particles in 
some non-uniformly accelerating black holes 6 and that 
of Dirac particles in the non-static black hole. How- 
ever, it is very difficult to study the quantum thermal 
effect of Dirac particles in a non-spherically symmetric 
and non-stationary black hole. The difficulty is due to the 
non-separability of the Chandrasekhar-Dirac equation 
in the most general space-times. 

Recently we succeed in dealing with the Hawking ra- 
diation of Dirac particles in a variable-mass Kerr black 
hole. % In this letter, we extend this treatment to the 
Hawking effect of Dirac particles in a non-uniformly rec- 
tilinearly accelerating Kinnersley black hole. % With the 
aid of the GTCT method, we study the asymptotic be- 
haviors of first-order and second-order forms of Dirac 
equation near the event horizon. We present the equation 
that determines the location of the event horizon of the 
Kinnersley black hole, and show that both the shape and 
the Hawking temperature of the event horizon of Kin- 
nersley black hole depend on not only the time, but also 
on the angle. The location and the temperature coincide 
with those obtained by investigating the Hawking effect 
of Klein-Gordon particles in the accelerating Kinnersley 
black hole, i 



The metric of a non-uniformly rectilinearly accelerat- 
ing Kinnersley black hole % is given in the advanced 
Eddington-Finkelstein coordinate system by 

ds^ = 2dv{Gdv -dr- r^fdO) 

-r^{d0^ +siTi^9dip^), (1) 

where 2G = 1 - 2M/r - 2arcos6l - r^f^, f ^ -asinO. 
The parameter a = a{v) is the magnitude of acceleration, 
the mass AI{v) of the hole is a fimction of the advanced 
time V. 

We choose such a complex null-tetrad in the Kinnersley 
black hole that its directional derivatives can be written 
as = -dr, A^d,+ Gdr, 6 = r^fdr + de + 

^^d^), and S the complex conjugate of S. It is not dif- 
ficult to determine the non-vanishing Newman-Penrose 
complex spin coefficients in the above null-tetrad as 
follows 

p^l/r, fl = G/r, "f = -G,r/2^ ~dG/2dr, 
T = = f/V2, f3 ^ cote/ {2V2r) , a ^ t - f3 , 
V = [(2rG - r^G^,)/ + r^f,, + G^] /(V2r) . (2) 

If the back reaction is neglected, the dynamic behav- 
ior of spin- 1/2 test particles in a fixed background space- 
time (1) which is of Petrov type-D is described by the 
spinor form of the four coupled Chandrasekhar-Dirac 



equations 
namely 



in the Newman-Penrose formalism. 
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(A + - l*)Gi - (? + /3* - T*)G2 = itiFjV2, (3) 



a)F2 = i[iGxl^2. 
- t)Fi = ifiG2/V2 
■* — a*)Gi = ip,F2 
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where fj, is the mass of Dirac particles. Inserting for the 
appropriate spin coefficients into the above equations and 
making substitutions Pi = \/2rFi, P2 = F2, Qi = Gi, 
Q2 = V2rG2, we obtain 

^VoPi + {C~ r^fV2)P2 = ilirQi , 
2r^BP2 + {C^ - r^fVo)Pi - inrQ2 , 

2r^BQi^ {C-r^fVo)Q2 = if^rPi. (4) 

in which we have defined operators B = dy + GVi+G^r/^, 
= dr + n/r, C = de + ^cot9 - ^d^, and £^ = 



de + ^ cot ( 



sin e ■ 



Although Eq. can not be decoupled, to investigate 
the Hawking radiation of spin- 1/2 particles, one should 
concern about the behavior of Dirac spinor components 
near the event horizon only. Because the Chandrasekhar- 
Dirac equation (^) can be satisfied by identifying Qi, 
Q2 with P2, —Pi, respectively, so we only need deal 
with a pair of components Pi, P2- As the space-time is 
symmetric about tp-axis, we can introduce the following 
GTCT i 



r* = r + ln(r - rn) 
v^, — V — vq , 9^ = 9 — ' 



(5) 



where th — fniv, 9) is the location of the event horizon, 
K is an adjustable parameter and is unchanged under 
tortoise transformation. Both parameters vq and a-re 
arbitrary constants. 

Under the transformation (||), Eq. with respect to 
(Pi,P2) can be reduced to the following limiting form 
near the event horizon 

2rl [G{rH) - rH^v\dr.P2 - {rH,e + rlh)dr,Pi = , 
dr,Pi + {rH.e + rlh)dr,P2 = , (6) 

after being taken the r rniva, 9q), v vq and 9 ~+ 9o 
hmits. We denote /o = — a(uo) sin 6*0. 

If the derivatives dr,Pi and dr,P2 in Eq. (|6|) are not 
equal to zero, the existence condition of nontrial solu- 
tions for Pi and P2 is that the determinant of Eq. (H) 
vanishes, which gives the following equation to determine 



the location of horizon 
2G(rH) - 2rH,u + r%f^ + 2forH,e + rjj^ern' - . (7) 

The location of the event horizon and the shape of the 
black hole change with time. 

Now let us consider the asymptotic behaviors of the 
second-order form of Dirac equation near the event hori- 
zon. Given the GTCT in Eq. (|^), the limiting form of 
the second-order equations for the two-component spinor 
(Pi, P2), when r approaches rnivQ, 9q), v goes to vq and 
9 goes to 9o, reads 

JCPi+[-A + rjjGArH) + r%f^ - rj,fo cot 

- rH.fo,0 - {rHfo + cot9o)rH,e - rHfie\dr.Pi 
-f 2rjj{rjjfo,v + G^girn) - G{rH)rH,erH^ 

- rnMrHGArH) + TH^y - 2G{rH)]}dr,P2 ^ , (8) 

and 

)CP2 + {-A + SrlGArn) + 2rH[2G(rH) - r^,,] 
+ ^^hIo - ^nfo cot 6*0 + {SfoVH - cot9o)rH,0 
- rjifo,e - rH,ee}dr,P2 + rH,erH^dr,Pi = . (9) 

where the operator /C represents a term involving the 
second derivatives 

/C = {-^ + 2rj,[2G{rH) - r^,.] + 2rj,f^ 
+ 2forH,erji}dl + 2r%dl,^ - 2{forjj + rH,e)dle, 

With the aid of the event horizon equation (|^), we 
know that the coefficient A is an infinite limit of 0/0-type. 
By means of the L' Hospital rule, we get the following 
result 

2r2(G - rH,v) + r\p + 2,fr-'rH,e + r]j , 



A = lim 

r^ru r — rjj 

= 2rlGArH) + 2r%f^ - 2r\JTn ■ 



(10) 



Now we select the adjustable temperature parameter 
K in the operator /C such that 

^ + 2rl[2G{rH) - thA + 2r%fl 
+2forHrH,e = 



urn 



+2GirHyH+r%fS~rj,, 



(11) 
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which means the temperature of the horizon is 



(12) 



HA 



With such a parameter adjustment and using Eq. (^), 
we can recast Eqs. into an united standard wave 

equation near the event horizon 



(13) 



where Ci = fo + rH,e/rjf and C2 wiU be regarded as 
finite real constants, 

2C2 - 2G{rH)r],' - G,.{rH) - 2/o cot^o + ^r% gr„^ 

- {cotOaTHfi + rHM)r^ + (/o + rH,er^){r]jfQ,v 
+ [2rHG{rH) - rjiG^rnM + G{rH)rH,e 

- rHG,e{rH)]/[G{rH) - th^ , for ^ = Pi , 
2C2 - 2G{rH)rH^ + G^th) + 2rHf^ ~ 2fo cot^o 

- (cot 0orH,e + rHfieVH^ ' for * = F2 • 

Separating variables as ^' = i?(r* ) exp[A(?* + i{mip — 
WW*)], one obtains 

R" = 2{iuj~Go)R' , R = Rie^^"^-^"^''' + Ro , (14) 

where Cq = C2 — ACi, in which a real constant A is 
introduced in the separation of variables. 

The ingoing wave and the outgoing wave to Eq. ( |l3|) 
are 



^"111 ~ exp[— iww* + imip + A(?*] , 
^out ~ x]/i„e2('— ^°)'-* , (r > rn) • 



(15) 
(16) 



The outgoing wave 5'out(^ > ^_f/) is not analytic at the 
event horizon r = rn, but can be analytically extended 
from the outside of the hole into the inside of the hole 
through the lower half complex r-plane by (r — rn) — > 
{rn — r)e^*^ to 

C;^t = *oute^"^°/"e-'"/« , {r<rH). (17) 

Following the method of Damour-Ruffini-Sannan's, 
the relative scattering probability of the outgoing wave at 
the horizon and the thermal radiation spectrum of Dirac 
particles from the event horizon of the hole arc 



-2-KUJ I K 
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with the Hawking temperature being 

1 Mrn ~ cos 6*0 



Th = 



271 A-kth Mrn + rjjacosOo + rjj g/2 



(18) 
(19) 

(20) 



In conclusion, we have studied the Hawking radiation 
of Dirac particles in an arbitrarily accelerating Kinners- 
ley black hole whose mass changes with time. Equations 
(|^) and ([1^) give the location and the temperature of 
event horizon of the accelerating Kinnersley black hole, 
which depend not only on the advanced time v but also on 
the polar angle 9. Eq. ( p^ shows the thermal radiation 
spectrum of Dirac particles in an arbitrarily rectilinearly 
accelerating Kinnersley black hole. They are in accord 
with that derived from discussing on the thermal radia- 
tion of Klein-Gordon particles in the same space-time. §1 
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